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1 

mmm 1 ] awasoff ^Ftf 1 1 -T^mm^ifin i © 

tg®JP^A^ t 2 T-HST**5n 2 2 ®^tf «fBM^JK<* 

^ i: t i f) IBi^W^-r S^fetr ^ T 7•^gt*5V^T, 
•tJ— 3!l?tJ;oT«fig?n. 10 

fij^iiT* > ii^* < i: 1 oro®« 1 (D^mmm 

m 1 ©Jfetf #fBiti^«;®S«J»!£%lS LT^HiRHSrffl 

sg6i^ f b 1 . ^2 <D%mmxmm^(Dmm.m^n^ u 

ffiJ®®¥iS#i)S§®ESf b2i:Uti:^. Tie®^{4^^ 20 

0. 0 5mm< | (fbl + tl/nl)-(fb2 + 
t 2/n2) I <0. 2mm 

Mi:Ufei:§. TfB®^fe{t=^SIfc1-c:i:S#S[i:-rs^fe 30 
3 0>um< I L/M I < 1 5 0 jim 

[if^^3] fi^3iifei,v>sii*^2 tiji^T. ft 
^la^a ® swTt s 3t^ajfi©:5(si t ^ < ft® ;}x 

D 1 5 C h -r t: <y ^ T T" 

[it*fl4] W^«l&^^bif3KS3®^5Fi^*»{3:}3^^ 

[W^« 5 ] SB^*«®ff$*st 1 T-H*f^*sn 1 ® 
mi®JfctS«ES^f*:tif«fBSi^fnfctif«i:. iSmm 40 
«©J¥^As t 2 T-aSf^A^n 2 ©II 2 ©Jfcffi^iBM^^ft 
lctf^i3g$nfett«i:S7tji>^tBiJbt7t«& 1 CI 
®?*«!il/>Xt52lfil&|gS^|-bTtf«33SiifclS*$ 

K^t^ffiSttlSiS¥fTtcgBB$n&a»®®#tt®-fe > 

mM^v>x{±. ^«s4''C^t$i^tt{cais®^^(c^ 

ii^1*i:^2©ittt#i3S^^ft©S«^S:%JSbT«S 50 



i*®*KJPS%ii:bTSR®iR^$liiE$*i, ^311^11 

«i*® S#JtbT«SiRM^«iE$ti,&ffl^i:$ 

ffiiBS® e. oswjfc^jfct^ms®:)^ [Ri t » < fc to® * 

[»««8] if^a5*v^bil^a7®M^^3!p^c^3V^ 

[%H^®Pffl'5:iJiW] 
[0 0 0 1] 

mi^yXs ^tlB»S«®M'5:SaiS®Jtft«l3ii«f* 
® §3^S5fe pJfg i: t S U > -5 . 

[0 0 0 2] 

imi<Dm] JfeT^-f X ^ if*3fctt?883»««:i: b. • 

y-"-3tSiP e. ©^m^^B^S^?: /h bTf3it®±lC 

^)®4^^l'«?ftS?^^Tv^^., ^n5)®^-^^ ^M©)fc 

ttffilBSiiKftSlll-)^^!/ >XT-|BS^S4T- § 5 *)® 

MbfflfctotM^bvio cci-p^^'f'^^vXiibT. 
B^®§iSa©fl^±«i:^iC^f"JU 
jSt5^«^§BS^ji<*{cabfeiRII«iE5:fT^ ^.©A^^D 

[0 0 0 3] |5)-5!*^U>XT-»«©>ttt^lB^^<* 
©^^ ^ fr d Tfc t: >y ^7 T X^g© im^mSiZTjito 
^t-y^T-yX^Ml Ofi. >t?iT-^?.*aiftl^-1f- 
1 U (iJfclf-AXX'J 1 2, 3'Jp(-'J'l'>Xl 

3. i/4A«i 4. m 1 7, nf^i^yxi 6. 

iRM|g?T-fe5->'J>K'J>!3;i/l/>Xl 8s 3fc«^mS3 
0. :feJ;V7;i— *>CSlJ»t5j;lFh7<y:^r>^ffl»®& 
tt>®2*5cr^5^i:t-^ 1 5*if*^e.&S. JfcJST-fe 

Siji»#:u-+f- 1 i*^e>®jfemt±. (iTfcfcr-Ay^X'j 

>;/i5'12, 3'J/-<5'U>X1 3i3iU^l/4 AtSl 4 
S2jabtRffiJfefflWife«i:55:?)s 1 7{ci»)lK 
e>iXx M«U>X1 6HioT^fc7^-f X^ 2 0®31B^S 
«2 1 §^bTtfSiBi^S2 2±t«3t$ni., mmM& 

Uf)i<fi^U>Xl 6. l/4Affil4, J'l'VX 
1 3CJ;f)JR«*i:^l5s fi)tt:-AXXU 1 2T- 
SWb. ->'J>KiJ*;H^>Xl 8SilT^tttffi^3 0 
CAMtSo ■^®fcB:ti{i^$rffi(.^TJfcx'fX<^ 2 Otit 




3 

^ 3 0 iP f>®tll* ^fflV^Tm® i ^ t b:&V^g|» 
UK t J; -3 T 7 * ;^ -7 — <t If h 7 >y =»r > 

Sfllf^ffl>75/^Cieife1-SJ;at?^«iU'>Xl eSrife 10 

[0 0 0 4] ^©J;5>5:>tt:-;/^5'75'7"SS{::ffiV''e>ti 
^^l/>XcD10ijcDerSia^JRMia$iai 0 2:1211 1 
fc^t. JifiKll/^XCDlBS IttSd l~Sd4®4o 

1-i.^®iRMS^tjffl bT> m 1 ®^ffi«IBSa5<* 2 1 ic 
MbTtt^^SdK Sd2. Sd4SS3Sbfeifc«*s 

ft^fc^Hs ^2©itffi«i3Sii^»2 1' iznvxumm 

SdU Sd3S:^l3iUfe)t«*s«^^n?.. fiJffl^fi 
*V^«^CD^t«. «ai^{S^2?ttSaiS®JK«:ffli3gi»^ 20 
m 1 ®)fctff«i3SJiftffl©li^««S d 2 . S d 4 

[0 0 0 5] c:®i:$^ Jfctlit±iSfflSJfca5®-2®:^g 

iUtLtzt^s I L/M I 7!)S6~1 8/zm®^Htfe 
nK> C®7l'Tt3»*a<3t:B555ST-§53i:4s«?>nT 
V>5 (#gg¥l 0- 5 5 5 6 4-t) 0 ^7®tf-vi'7'>;' 

[0 0 0 6] LA^L. jfi^. tftmt. mm^t. %m 

© 7t>ni;'7i.i:jfcS, 3fc«iaiSOffilBISS®^fflW«: 40 

P5#iP?>^ 3fe*taj^{±^««®aiS®^?t^J;oT^]5E 
^tl, S-^^®:lia®:S^L{42 0 0>umipe)8 0 0/z 

® *®®a^^lg«>5*:«)> 3fc«ii:?t««iagkiift:® 
tfaiBS® ^ T- ® fg* a 5 ~ 7 fg i: /JN ^ V > o 

«f3S«<*ffl«ffifBfiilii:3fc*^(±iS®fS*M*) |iI»JC 5 



1$PS20 0 0-7 6 6 9 4 
4 

[0 0 0 7] C®7U7tt. iiP»»)^#Abfe?), « 
■etv{cj;-3T*ni/-if-®^ij,.^As^fc) 

gPffi^(*iQ-r.|)^i:{ci?). i;-yi'T-;/X®«3itfS^ 
S®S*S 2-3W±®P-1f-t^V^.5S^tt> 
f»a®JfeftfRfBSjl««:SI3SII4f S«^(±s #K:iaa 
[0 0 0 8] 

[^BS*s|i?^bj;di:-r«»ffl] nuavyx 
fflPrSMS^^r^ a»fi®^ttf«iBi^j««:®A»?5;iasi 

[0 0 0 9] 

mm-^m^t^tz^co^m z.(Dmn<r>%\^^y^7^y 

7'gK(C*5V>TH:> 7L'T®5!j«y htt, »l®)fctSai3 

i^^<*®S^ffiffl3tm®«?t,-^i:» 2 ffl)fetf^i3^^ft 
®ll^ffl®^mo«^t^^;*:^<-r^-rci:K:j;f3. 13 

U 7^T{i^t^tllg'N]^S5:SI^$^^v^J;^^c$^^ 
So fesv^^i. ^2®7fct««l3MiJ^<*os^ii#t. iE^g 
%pap»®^^{i!)T-> %?Mmii^tb(DSM^if'm.mmvix 

t^t®«S^SJ^fig1-i.o iia^*^®)¥^*5t IT-S^T 

i^ASn 1 ®« 1 (D%mmm.m.w-\zmmMm^ixfzi(nm. 

SB^»tS®ff^A5t 2T-aST*ASn2®^2®^tf 
«f3&««:ttimf3®i$nfci»^i:Sr}fc^*» bfe 

««i3SBipe)®s*f^Sitt^tBi§(cit) 

43V^T> l^^tftai88H:S(S¥fftiatt$n*:«»®SW 

3tfiii&i^/t^tii^±{cigi$®^jat:9-fj$nT*?3^ iJ> 
55: < i: 1 ^-r^®^ 1 (o%i^m^n><m<DmMi% 

1^\.XWMSSL^^^lE\^fzm.i$,t%2(0%'^mm!m~ 
®affiiP$:%JiS bT«®JR^<£«IE b fc^^t S^^^ 
m 1 ®^tt«i3^i^<*®»«^$#jSb-C«®itSlMSM 
iEbfefS^®^^, ft*)^fflipt.«tnfc«^®¥19#a& 
^(aiS: f b 1 , » 2 ®^t»«i3ii^«fr©SSff ?&#]Sb 

TS5®jR^t:ffiiEbfcffl«e®d*.^ m^^mi^ibrntifz 

m.i$.(0^^immm^ fb2i:bfci:#. 
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6 



0. 0 5mm< | (fbl + tl/nl)-(fb2 + 
t 2/n2) I <0. 2mm 

[0 010] ^feli.-K5^tll/>X{i. ^tiaS:tt3<C>{C$i 

^^fiNAO. 3~0. 4T-$>§Ci:Asa$bV^, 
[0 0 11] 

u'i'T-yT'ggtot-iTs HS{- ioTittB^-fSo lai 

tf-2. *tftaS83iJ<tV*n^7A4ipe,JS;S;h 

n uy-<5'l/>X6 43J;tf»tll'>X7 
A^^.'&t), i)i*ftU-1f-2A^e>®itm(±, *D^5A 
4. n'J^-^L-yXl 3^sabTiK!3 StctDiK?. 

"i/ htJ:t3^^^nfeSW3fc*{±. Sr;f?^!^L'>X7. 
t<}:t)V— +f-2ipe,ojfcSSi:^3-l81^m> 3fetfttB883fc: 
« 1 ®^fctt«HB&iift (DVD) 

%2<D%mmsm!im (cd) 

3Up<-<$'U>X®^^gi^f c 

•fe>-9--®ft^ L=2 5 0/im 

(fbl + tl/nl) - (fb2 + t2/n2) = 
0.0 7 0mm 

[0 0 13] n^\yyx<Dmmmm.^momum 

A®3fei^®JRII»§SA (NA) i:bfefc^t. ^®Jt 
fSA^^t^tfil^tMoT # fc i: ^®-b >-9--®ff /C>* e>0 
SiiSIH (NA) (±. feiLT®iCT-«^n.5o 
H (NA) = I SA (NA) I xtan {s in ' (N 
A) } X I M I 

CDIBSS^Bt. ^2«JaA^?>®^m(±)t<ttb^®*'C> 

©gg^Htt 

H (0. 6) =13 2 i/xm) xtan {sin 
■' (0. 6) } X 5. 9 5 = 5 8 9 (^m) 



$>-S®T% iftB^(±«Bl1-5c ^^B^ffl^fctr-^^Tu/X^ 

1 o T S^t «) iJ"r XO t) 0-? 2> i i: 4s#K:»$ b 
[0 0 12] 

[nn^j] ar. ?^^a^>x®^fi^J^^^■ro 

10 (SUE^IIl) ?*^u>XH:3^®^^K:^fiJ^ch,. ^1 
ffl^ (NAO~0. 20)^J;lF^3ffi^ (NAO. 3 
8~0. 6) (i^l®ifctfffil3^^i*®S*S;p&#itb 
■ti^BiRM^IflEbfe^^T-^D^ ^2^Ja (NAO. 

2 ~ 0 . 3 8 ) tt» 2 ©3fcfil«§aS^<*®3l«»^#it 
bTBtSJRH^MiEbfe^^T-^So 3tilS«^:S6 5 On 
m^^i'^^T^ ^l^^®.1^;;^ffll{±3. 3 6mmT-fe 

?) > ^ 1 ©3ttt«i3®««:®affiJlS#Jt bT^iSJR^ 

¥i9#l!iS§!5l<£ f b 1 , S 2 ®3fcff ffii3Sij«»®**Si? 
20 S#ifibT«EiRMS«IEbfe^«®d*.s 

«l*»e.Iinfe««0¥JS#»fi§«*f b 2 i:bfei:t^ 
fbl = l. 75 7mm, fb2=l. 3 0 7mm 
% 1 ®)tf»ffif3^l^ftt J^-r S h §®JRM1!§EI 3 
(a) {c. ^2®^tti«l3^i«»C»1-i.i:#®iRMS 
$03 (b) Cg^-r. («l$lil®Offig) J±M!^ 

' b > X® 3t«fgf3^«ft{l!l OS i: t ®S¥1 *^ % 
tf«iaSlJ«<*C|qIiPoT f b 1 + 1 1 isit^f b 2 + 1 

X3fe¥^®fte©B7cii 

30 

t 1 = 0. 
t 2 = 1 . 
= 2 0 mm 

f c/f o = 2 0/3. 3 6 = 5. 9 5 



6 mm n 1 = 1 . 5 8 
2 mm n 2 = 1 . 5 8 



» 3 ffl«J©ifctt*^ C,«t.iSV>gP^*ilo feifci^*S3fct^^ai 
g§ C M o T § i: § ffl -b > -9--® -t^*^ ^ fflggfif H {i 
H (0. 38) = 91 iuLxa) xtan {sin 
-' (0. 3 8) } X 5. 9 5 = 2 2 2 (/zm) 
40 ffe!5> V>rnfe, L/2W±%®T-> ^3«Ja©?fcH: 
•tr>-9— K:AI^1-I.^i:^^^ev^. ^l^:^®^WA^^g 
%jSv^a5^Sjiotjfe||As^fet^ffiSt:MoT§fei:t® 

H (0. 2) =76 (//m) xtan {sin ' (0. 

2)}x 5. 95 = 92 (Am) 

T-d&D. L/2JiLT5fc®T-fe>-9--{CAit-r2.A5s C© 

S*);*;^ <S*S©T-BgS{±4b^^v>. 
[0 0 14] DVDi3^S4^s %\w$.■iii.x?%^%. 
50 «ip?>©^«{i. >t«^fcH§{cMoT§ti:§©-t>-9— 
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H (0. 38) =1-91 (um) \ xtan {sin 
(0. 3 8)}x5. 95 = 222 (//m) 

H(0. 2) =1-76 (//m) |xtan{sin-' 
(0. 2)} x5. 95 = 92 (//m) 10 
H (0. 3 8) ttL/2J.:i±^c®T••^r>■t^-^CX*rL^^ 
H (0. 2) liL/2JiJlT&®T-fe>-t?— KlAit 
LTLSa. b*U ^2^«®;«cSP^ffl^Ji-b>-9-- 
®^*aD, ^®±x »2««6®^fe»{i»lffl«:feJ;tF 
^3ffl:^thfc^T/jN^V>®T\ Fpg^{±^D'feV>o «£o 
-C^ DVD^ CD<Dm:^ti)^ 7U77t)S'i>'&<^Sf%§B 

^ 1 ®^ttf ^gfBit^fr (DVD) 

nzotft^mmmmi^ (cd) 

3U^-^b>X®mj^Sg^f c = 2 
i3SHi:ifc*i^tiiffiF^®ffi* M = fc 
■b>1J--®S$ L=2 5 0/zm 

(fbl + tl/nl) - (fb2 + t2/n2) =- 
0.15 3 mm 

[0 0 16] cmmm^m. m2mw,t'^<D^mim 

ltmil®'t'/t>^ii5, ^®i:t^ ^4^^®itWipe,« 

i)m^^3»tM^rzi^uifi%»m^izm^ t g 1 1 § ® 
-fe > it-® fiogggt H i± 

H (0. 6) = I - 9 1 (//m) I xt an {s in' 30 

(0. 6) } x 5. 9 5 = 4 0 6 ium) 
« 4««fflifc|i^;:g4.i£v^SP^§iio fe^i^*sjfetS^aj§§ 
icMoT ^fc i: g®-fe >'9--ffl*'C>-Jp5>®S§ffllHi± 
H (0. 4) =1-129 (//m) xtan {sin'' 

(0. 4) } x 5. 9 5 = 3 3 5 (//m) 

^)iiV^a5:9•Silo fe^ti^As>tt^ttig(CM^ T t § ® 
■fe >-9--® f> ©ggfil H 

H (0. 25) =1-144 (jum) |xtan{si 40 
n"' (0. 2 5) } X 5 . 9 5 = 2 2 1 (urn) 

T § i: t ® -fe VIJ--® */C«iP ©SglSIHtt 
H(0. 15) =1-150 iura) xtan {sin 

"' (0. 1 5) } x5. 9 5= 1 3 5 (//m) 

T-$)!)^ L/2W±j5:®T% S2^:^03fc{± 

[0 0 17] DVDIBSS^Bt, ^2fflM;fe<tUf»4« 

®ttl^C,^S:JiS, ZCDt^s ^3mM<D^mifi^S.ii»^^ 50 



[0 0 15] («Jii^J2) ^®^^J^Ci3V^T^iv 
U>XB:4o®|HJ^t^i!i^tn> ^l«Ja (NAO~ 
0. 1 5) a^vmsnm (NAO. 2 5~0. 40) 
JiS 2 ®:>fetf $gi3i^^ft®StgffS#)S UT«SiRM^ 
IfiEbfe^^T-feO^ ^2^^ (NAO. 15-0. 2 
5) ^J:VS?4IB^ (0. 40~0. 6 0) itmiO^ 

J^T-feSo )te®^6ft6 5 0 nm^Ci3V^T, ^ 1 ^J^®« 
;^Sgg|(i3. 3 6mmT-fet3> 

fbl = l. 6 0 4mm, fb2 = l. 377mm 

(a) ^2®3fcff«IB®i««;S#Abfci:t®JRII 
^§05 (b) t^-r. »Ji6{4g (MttlfflOffia) 

tftmmmmi^izm'^rfh i + t lijiu^f b 2 + 

t2lSinS:tigT-fe5o..C ® HiE^iJ l^iHfitft\^^y^T 

>^7-Jt^^®ffe®^7CJ± 

t 1 = 0 . 6 mm n 1 = 1 . 5 8 
t 2 = 1 . 2 mm n 2 = 1 . 5 8 
0 mm 

/f 0=20/3. 36=5. 95 

-®fti,c>*?,®Sgg|Hii 

H (0. 40) =129 (>um) xtan {sin 

(0. 4)}x5. 95 = 335 (/zm) 
t*:, »3ffl«®JteWt:«*)5£OgB^&iiot^fc^AS3t 
t^fllSCM^ T g i: § ® -fe >-*f-® *'C>*> f> ©ffilBH 

H (0. 2 5) = 1 44 (^m) xtan {sin 

■' (0. 2 5) } x 5. 9 5 = 2 2 1 (um) 

T\ ^^-r^^^)L/2W±55;fflT-^r>•y■-tAl^b^e^'>, 

^{cM-3T t fei: §®-fe>1j— ®cf3/ii>A^e,®gigf Hi± 
H (0 . 1 5) = 1 5 0 ium) xtan {sin 
■' (0. 1 5) } x 5. 9 5= 1 3 5 (um) 
X-$)^. H (0. 15) ttL/2]iJl±)&®T-t>+t-C 
Al^b;feV^As^ H (0) {±^I4±®^^^®T-^^(CAW 
■r-So b*U «l^^®^«(i^2««i'J;t;J^4^ 

[0 0 18] (i^fi?ij3) z(D^mi^^^^m. nm 

l/>X{±4o®M^{C^tiJ$ns ^l^J^ (NAO~ 
0 . 2 9 7) {±» 1 . » 2 7fctf^gf3MtJ««;fflStSiI&# 
itbTS^SiRH^ffljEUfeffl^T-fet). ^2«J^ (NA 
0. 2 9 7~0. 3 4 4) {±^2®ifctf«l3fiiEi*®a 

^(NAO. 3 44~0. 386) (i*SIM0'J®i|$^T- 
^SJI^gg^h^iX^ ^4ffl:^ (0. 3 8 6~0. 6 
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0) itmi(Dmmmmi^(Dmm^%^brhm^ vyx^^ 

mt:miE\.fzW$X-hho 3tli^ftA = 6 3 5nmT-fe 

r d d' 

1 2.114 2.2 2.1991 

2 -7. 9 6 3 1. 7 5 7 1. 3 7 7 

3 oo 0. 6 1.2 



10 



n 

5 3 8 3 



1. 58 



d' \ts «2i&^©fl^§^^3SHJ^iCtIi¥oT3fcllllS 
'TlW^l.tzhnom^iKO^^t. S3Bi:®^ffl±CD 10 [«1] 

«iffl mi 



[0019] ^n^iiom^otmm^- 



OgH<1.00 (^IM^) , l.SO^H (^4^^) 



/€ 

A, 
A, 
A, 
A, 
A, 
A. 



-0.97700 
0.63761x10' 
0.36688x10- 
0.83511x10" 
-b. 37296 X 10' 
0.46548x10- 
-0.43124x10- 



Pi = 3.0 
Pi = 4.0 
P, = 5.0 
P, = 6.0 
Pi = 8.0 
P, =10.0 



»2 



1.00^H<1.159 (»2ffi^) 



»2® 



K 

A, 
ki 
A, 
A, 
Ai 
A. 
/c 
Ai 
Ai 
A, 
A, 
As 
A, 



-0.11481x10 

0.70764x10-^ 
-0.13388x10-' 

0.24084X10' 
-0.97636x10'^ 

0.93136x10"^ 
-0.68008x10-* 
-0.24914x10' 

0.13775x10"' 
-0.41269x10-' 

0.21236x10"' 
-0.13895x10"' 

0.16631 x10-' 
-0.12138x10*^ 



P. = 3.0 
Pi= 4.0 
P, = 5.0 
h = 6.0 
Ps = 8.0 
P, =10.0 



[SI] 

H"/r 



^ H'Xr 

^= 1 + ^/1- U-Hx> 



J 



A j \m^mmL. p j mmm(D-<%^ {tzit p 

j ^3) TS)§o 

[ 0 0 2 0 ] ^ 1 TfettigfB^^ft. » 2 %mmMmm^ 

?^iSB#©«SiKM§0 6 (a) (b) ^^^To :l(DX.o 
x-^tl/TNl-^^JtciDlt^&®iK^^0 7^C^N-ro |5| 50 



P, = 3.0 
P, = 4.0 
Pi= 5.0 
P, = 6.0 
Pj =8.0 

Pe=10.0 
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SPECIFICATION 

[Title of the invention] Optical Pickup Device 

[Abstract] 

[Object] In an optical pickup that uses a holo-laser, a 
photodetector becomes large from practical limits of position 
accuracy of the photodetector, and, especially in CD 
recording/reproducing, a noise occurrence caused by flare and 
a deterioration of a focus error signal become remarkable. 
Since a problem is caused especially when a plurality of kinds 
of optical information recording mediums are reproduced by a 
single light source, this is solved accordingly. 
[Solution Means] In an optical pickup device of this invention. 
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flare is cut by producing a great gap between a condensing point 
of a light flux for reproducing a first optical information 
recording medium and a condensing point of a light flux for 
reproducing a second optical information recording medium so 
that light reflected from a recording surface is made incident 
on a position deviating from a photodetector and so that the 
flare does not affect the photodetector. Alternatively, a light 
intercepting layer is formed on a surface of an objective lens 
so that light fluxes of a range in which light reflected from 
the recording surface is made incident on the photodetector 
are cut outside a necessary numerical aperture when the second 
optical information recording medium is reproduced. 

[WHAT IS CLAIMED IS;] 

[Claim 1] An optical pickup device for recording and 
reproducing information recorded in a first optical 
information recording medium whose transparent substrate is 
tl in thickness and nl in refractive index and information 
recorded in a second optical information recording medium whose 
transparent substrate is t2 in thickness and n2 in refractive 
index by condensing a light flux emitted from a light source 
on an information recording surface through the transparent 
substrate by use of a single objective lens and by detecting 
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reflected light from the infoririation recordiny surface by means 
of a photodetector, wherein 

the photodetector is made up of a plurality of paper 
strip-like sensor elements disposed substantially in parallel, 
and 

the objective lens is divided into a plurality of areas 
centering on an optical axis in annular band-shaped form, the 
areas including at least one area where spherical aberration 
is corrected in consideration of a substrate thickness of the 
first optical information recording medium and at least one 
area where spherical aberration is corrected in consideration 
of a substrate thickness of the second optical information 
recording medium, and the following condition is satisfied: 
0.05mm<| ( fbl+tl/nl ) - ( fb2+t2/n2 ) |<0.2mm 

where fbl is a mean working distance in an area farthest from 
the optical axis among the areas where spherical aberration 
is corrected in consideration of a substrate thickness of the 
first optical information recording medium, fb2 is a mean 
working distance in an area farthest from the optical axis among 
the areas where spherical aberration is corrected in 
consideration of a substrate thickness of the second optical 
information recording medium, and the mean working distance 
is a quantity obtained by subtracting the substrate thickness 
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from a quantity obtained by areally averaging a distance to 
a position where a light flux passing through each annular 
band-shaped area intersects the optical axis, based on a 
tangent plane between a surface of the objective lens on the 
side of the optical information recording medium and the 
optical axis. 

[Claim 2] An optical pickup device according to Claim 1, wherein 
the following condition is satisfied: 

30|im< I L/M|<150|im 
where L is the length of a long side of the paper strip-like 
sensor element, and M is the magnification between the 
information recording surface and the photodetector . 
[Claim 3] An optical pickup according to Claim 1 or Claim 2, 
including a hologram element to guide light reflected from the 
information recording surface toward the photodetector. 
[Claim 4] An optical pickup according to any one of Claims 1 
to 3, wherein the light source and the photodetector are within 
substantially the same plane. 

[Claim 5] An optical pickup device for recording and 
reproducing information recorded in a first optical 
information recording medium whose transparent substrate is 
tl in thickness and nl in refractive index and information 
recorded in a second optical information recording medium whose 
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transparent substrate is t2 in thickness and n2 in refractive 
index by condensing a light flux emitted from a light source 
on an information recording surface through the transparent 
substrate by use of a single objective lens and by detecting 
reflected light from the information recording surface by means 
of a photodetector, wherein 

the photodetector is made up of a plurality of paper 
strip-like sensor elements disposed substantially in parallel, 
and 

the objective lens is divided into a plurality of areas 
centering on an optical axis in annular band-shaped form, a 
first annular band-shaped area on the optical axis being an 
area in which - spherical aberration is corrected in 
consideration of a substrate thickness of the first optical 
information recording medium and a substrate thickness of the 
second optical information recording medium, a second annular 
band-shaped. area being an area in which spherical aberration 
is corrected in consideration of the substrate thickness of 
the second optical information recording medium, a third 
annular band-shaped area being an opaque area, a fourth annular 
band-shaped area being an area in which spherical aberration 
is corrected in consideration of the substrate thickness of 
the first optical information recording medium. 
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[ClsiiTi 6] An optical pickup device acoordiny to Clairfi 5, wherein 
the opaque area of the objective lens is NA 0.3 to 0.4. 
[Claim 7] An optical pickup according to Claim 5 or Claim 6, 
including a hologram element to guide light reflected from the 
information recording surface toward the photodetector . 
[Claim 8] An optical pickup according to any one of Claims 5 
to 7, wherein the light source and the photodetector are within 
substantially the same plane. 
[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Field of the Invention] The present invention relates to an 
objective lens for an optical pickup device and, particularly, 
to an objective lens capable of allowing a plurality of optical 
information recording mediums that are different in recording 
density from each other to perform recording and reproducing. 
[0002] 

[Prior Arts] In optical pickup devices in which an optical disk 
or the like is used as an optical information recording medium 
and in which a light flux from a laser source is condensed on 
a recording surface through a transparent substrate, there have 
been proposed various devices in which a plurality of optical 
information recording mediums, such as DVDs and CDs, that are 
different in the thickness of a transparent substrate and in 
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the recording density of inforiuation ^ are recorded and 
reproduced by the same objective lens. Among those^ a device 
that can record and reproduce a plurality of kinds of optical 
information recording mediums by the same objective lens is 
desirable to simplify the structure of an optical pickup and 
to achieve size reductions and cost reductions. An objective 
lens in which a refraction surface is divided into a plurality 
of annular band-shaped areas and in which aberration correction 
suitable for a corresponding optical information recording 
medium is performed in each area is known as such an objective 
lens . 

[0003] Fig. 9 shows an example of an optical pickup device for 
reproducing a plurality of kinds of optical information 
recording mediums by the same objective lens. The optical 
pickup device 10 is made up of a semiconductor laser 11 that 
is a light source, a polarization beam splitter 12, a collimator 
lens 13, a 1/4A plate 14, a diaphragm 17, an objective lens 
16, a cylindrical lens 18 that is an astigmatism element, a 
photodetector 30, a two-dimensional actuator 15 for focus 
control and tracking control, etc. A light flux from the 
semiconductor laser 11 that is a light source passes through 
the polarization beam splitter 12, the collimator lens 13, and 
the 1/4X plate 14, is then changed into a circularly polarized 
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parallel light flux, is then stopped down by the uiciphragm 17, 
and is condensed on an information recording surface 22 through 
a transparent substrate 21 of an optical disk 20 by the 
objective lens 16. A reflected light flux modulated on the 
information recording surface 22 by an information pit is again 
changed into a convergent light flux by the objective lens 16, 
the 1/4A plate 14, and the collimator lens 13, is then reflected 
by the polarization beam splitter 12, then passes through the 
cylindrical lens 18, and is made incident on the photodetector 
30. A reading signal of information recorded on the optical 
disk 20 is obtained by using its output signal. On the other 
hand, focus detection and track detection are performed by 
detecting a change in the distribution of the quantity of light 
by a change in shape of a spot on the photodetector 30. As is 
well known, a focus error signal and a tracking error signal 
are generated by an arithmetic circuit, not shown, by using 
the output from the photodetector 30. The two-dimensional 
actuator 15 causes the objective lens 16 to move in an 
optical-axis direction so as to image the light flux on the 
information recording surface 22 based on this focus error 
signal, and, simultaneously, causes the objective lens 16 to 
move in a direction perpendicular to the optical axis so as 
to image the light flux on a predetermined track based on the 
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tracking error signal. 

[0004] Fig. 10 and Fig. 11 are a sectional view of one example 
of an objective lens used in the thus constructed optical pickup 
device and an aberration diagram, respectively. One surface 
SI of the objective lens is divided into four annular 
band-shaped areas Sdl to Sd4 . By using spherical aberration 
generated by a difference in thickness between transmission 
substrates, light fluxes that have passed through the areas 
Sdl, Sd2, and Sd4 are condensed on the first optical information 
recording medium 21, and light fluxes that have passed through 
the areas Sdl and Sd3 are condensed on the second optical 
information recording medium 21' . For light fluxes of annular 
bands not used, for example, when the second optical 
information recording medium is recorded and reproduced, light 
fluxes that have passed through the annular band-shaped areas 
Sd2 and Sd4 for the first optical information recording medium 
become flare, and, if these are made incident on the 
photodetector 30, errors of the tracking signal or the focus 
error signal will be caused. 

[0005] At this time, it is known to be able to effectively remove 
this flare if |L/M| is within a range of 6 to 18|im where L is 
the magnitude of one side of a light receiving part of the 
photodetector, and M is the magnification of a beam-condensing 
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optical system between the infomation recording surface and 
the photodetector (Japanese Unexamined Patent Publication No. 
Hei-10-55564) , In the pickup of Fig. 7, a quadripartite 
light-receiving element is used, and its size can be 
sufficiently reduced. Additionally, the magnification M. can 
be appropriately selected by adding a lens together with the 
cylindrical lens 18. 

[0006] However, in recent years, an element (hereinafter 
referred to as "holo-laser" ) in which a light source, a 
photodetector, and a hologram element, which separates a light 
flux emitted from the light source and light reflected from 
an optical information recording medium from each other, are 
united has been widely used especially in an optical pickup 
device for CDs. This holo-laser has the following features. 

(1) From practical limits of position accuracy among the 
hologram, the light source, and the photodetector, the 
photodetector is made up a plurality of paper strip-like 
elements, and the length L of a long side of each element is 
200^m to 800|am, is long. 

(2) In order to raise the efficiency of the light source, the 
magnification between the light source and the information 
recording surface of the optical information recording medium 
is 5 to 7, which is small. 
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(3) Since the light source and the photodetector are in 
substantially the same plane, the magnification M between the 
information recording surface of the optical information 
recording medium and the photodetector is likewise 5 to 7 . 
Therefore, L/M becomes large, and the occurrence of noise 
caused by flare and a deterioration of a focus error signal 
become remarkable especially in CD recording/reproducing. 

[0007] This flare can be cut by inserting an aperture stop or 
disposing a liquid crystal shutter. However, the advantage of 
the holo-laser comes to be lost as a result- In other words, 
the holo-laser is constructed by uniting a hologram, a light 
source, and a photodetector together, and the beam-condensing 
optical system can be assembled from two or three units, that 
is, from a holo-laser and an objective lens or from a holo-laser, 
a collimator lens, and an objective lens, but the structure 
of the pickup becomes complex by adding components such as a 
diaphragm, and reliability is also lowered. When two or more 
lasers with different wavelengths are used as light sources, 
it is possible to deal with each light source, but, when a 
plurality of kinds of optical information recording mediums 
are recorded and reproduced by a single light source, in 
particular, problems are caused. 
[0008] 
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[Problems to be Solved by the Invention] The present invention 
is to obtain an optical pickup device capable of excellently 
recording and reproducing a plurality of kinds of optical 
information recording mediums without including the 
aforementioned problems in spite of an extremely simple 
structure by providing an objective lens itself with a function 
to cut the aforementioned flare. 
[0009] 

[Means for Solving Problems] In the optical pickup device of 
this invention, flare is cut by producing a great gap between 
a condensing point of a light flux for reproducing a first 
optical information recording medium and a condensing point 
of a light flux for reproducing a second optical information 
recording medium so that light reflected from a recording 
surface is made incident on a position deviating from a 
photodetector and so that the flare does not affect the 
photodetector . Alternatively, a light intercepting layer is 
formed on a surface of an objective lens so that light fluxes 
of a range in which light reflected from the recording surface 
is made incident on the photodetector are cut outside a 
necessary numerical aperture when the second optical 
information recording medium is reproduced- The optical pickup 
device is to record and reproduce information recorded in a 
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first optical information recording iTiedium whose ticinsparent 
substrate is tl in thickness and nl in refractive index and 
information recorded in a second optical information recording 
medium whose transparent substrate is t2 in thickness and n2 
in refractive index by condensing a light flux emitted from 
a light source on an information recording surface through the 
transparent substrate by use of a single objective lens and 
by detecting reflected light from the information recording 
surface by means of a photodetector, and the optical pickup 
device is characterized in that the photodetector is made up 
of a plurality of paper strip-like sensor elements disposed 
substantially in parallel, and the objective lens is divided 
into a plurality of areas centering on an optical axis in 
annular band-shaped form, the areas including at least one area 
where spherical aberration is corrected in consideration of 
a substrate thickness of the first optical information 
recording medium and at least one area where spherical 
aberration is corrected in consideration of a substrate 
thickness of the second optical information recording medium, 
and the following condition is satisfied: 
0.05mm<| ( fbl+tl/nl ) - ( fb2+t2/n2 ) |<0.2mm 

where fbl is a mean working distance in an area farthest from 
the optical axis among the areas where spherical aberration 
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is corrected in corxsideration of a substxciLe thickness of the 
first optical information recording medium, fb2 is a mean 
working distance in an area farthest from the optical axis among 
the areas where spherical aberration is corrected in 
consideration of a substrate thickness of the second optical 
information recording medium. Here, the mean working distance 
is a quantity obtained by subtracting the substrate thickness 
from a quantity obtained by areally averaging a distance to 
a position where a light flux passing through each annular 
band-shaped area intersects the optical axis, based on a 
tangent plane between a surface of the objective lens on the 
side of the optical information recording medium and the 
optical axis. 

[0010] Alternatively, the objective lens is divided into a 
plurality of areas centering on an optical axis in an annular 
band-shaped form, in which a first annular band-shaped area 
on the optical axis is an area where spherical aberration is 
corrected in consideration of a substrate thickness of the 
first optical information recording medium and a substrate 
thickness of the second optical information recording medium, 
a second annular band-shaped area is an area where spherical 
aberration is corrected in consideration of the substrate 
thickness of the second optical information recording medium. 
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a third annular band-shaped area is an opaque area, and a fourth 
annular band-shaped area is an area where spherical aberration 
is corrected in consideration of the substrate thickness of 
the first optical information recording medium. Preferably, 
the opaque area of the objective lens is NA 0.3 to 0.4. 
[0011] 

[Preferred Embodiments] The optical pickup device according 
to the preferred embodiments of the present invention will be 
hereinafter described with reference to the drawings. In Fig. 
1/ the optical pickup device 1 is made up of a semiconductor 
laser 2 that is a light source, a holo-laser 5 consisting of 
a photodetector 3 and a hologram 4, a collimator lens 6, and 
an objective lens 7. A light flux from the semiconductor laser 
2 passes through the hologram 4 and a collimator lens 13, is 
then stopped down by a diaphragm 8, and is condensed on an 
information recording surface 9 through a transparent 
substrate of an optical disk by means of the objective lens 
7. A reflected light flux that has been modulated on the 
information recording surface 9 by an information pit is again 
changed into a convergent light flux by the objective lens 7 
and by the collimator lens 6, is then separated from the optical 
path from the laser 2 by means of the hologram 4, and is made 
incident on the photodetector 3, and, by using its output signal, 
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a reading signal of information recorded on the optical disk 
9 is obtained. On the other hand, focus detection and track 
detection are performed by detecting a change in the 
distribution of the quantity of light by a change in shape of 
a spot on the photodetector 3, and, since its method is well 
known, a description thereof is omitted. Particularly 
preferably, the optical pickup device of the present invention 
is of a type that reproduces a plurality of kinds of optical 
information recording mediums by means of a single holo-laser . 
[0012] 

[Examples] Embodiments of the objective lens will be 
hereinafter shown . 

(Example 1) The objective lens is divided into three areas in 
which a first area (NA 0 to 0.20) and a third area (NA 0.38 
to 0.6) are areas where spherical aberration is corrected in 
consideration of the substrate thickness of the first optical 
information recording medium, and a second area (NA 0 . 2 to 0 . 38 } 
is an area where spherical aberration is corrected in 
consideration of the substrate thickness of the second optical 
information recording medium. In a wavelength of 650 nm of the 
light source, the focal length of the first area is 3.36mm, 
and the following relationships are obtained: 
fbl=l .757mm, fb2=l . 307mm 
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where fbl is a mean v;crking distance in an area farthest from 
the optical axis among the areas where spherical aberration 
is corrected in consideration of the substrate thickness of 
the first optical information recording medium, and fb2 is a 
mean working distance in an area farthest from the optical axis 
among the areas where spherical aberration is corrected in 
consideration of the substrate thickness of the second optical 
information recording medium. An aberration diagram with 
respect to the first optical information recording medium is 
shown in Fig, 3(a) , and an aberration diagram with respect to 
the second optical information recording medium is shown in 
Fig. 3 (b) . Reference positions (0 position of an abscissa axis) 
are set apart by fbl+tl and by fb2+t2 from a tangent plane 
between a surface of the objective lens on the side of the 
optical information recording medium and the optical axis 
toward the optical information recording medium. Other 
parameters of the optical pickup optical system in this example 
are: 

First optical information recording medium (DVD) tl=0.6mm, 
nl=1.58 

Second optical information recording medium (CD) t2=1.2mm, 
n2=1.58 

Focal length of collimator lens fc=20mm 
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Magnification between recording surface and photodetector 
M=fc/fo=20/3.36=5.95 

Length of sensor L=250|im 
Therefore, 

(fbl + tl/nl) - (fb2+t2/n2)=0.070inm 

[0013] If the quantity of aberration of a light beam of a 
numerical aperture NA of the objective lens on the. side of the 
optical information recording medium is represented as SA(NA) , 
the distance H (NA) from the center of the sensor when that 
light beam returns to the photodetector is expressed by the 
following equation: 
H(NA) = |SA(NA) I xtan{sin"MNA) }x |m| 

A light flux from the second area passes through the center 
of the photodetector in CD recording/reproducing. At this time, 
the distance H from the center of the sensor when a light beam 
that has passed through a part farthest from the optical axis 
of the third area returns to the photodetector is: 
H (0.6) =132 (|im) xtan{ sin"' ( 0 . 6) } x5 . 95=589 (^m) 

The distance H from the center of the sensor when a light beam 

that has passed through a part nearest to the optical axis of 

the third area returns to the photodetector is: 

H (0.38) =91 (nm) xtan { sin^M 0 . 38 ) }x5. 95=222 (^im) 

Since both are L/2 or more, light of the third area is never 
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made incident on the 



The distance K from the center 



of the sensor when a light beam that has passed through a part 
farthest from the optical axis of the first area returns to 
the photodetector is: 

H(0.2)=76 iim) xtan{ sin"M 0 . 2 ) }x5. 95=92 (\m) 

Since this is L/2 or less, light is made incident on the sensor, 
but the quantity of light in this part is about 10% of the whole, 
which is small, and, since there is a large difference in image 
formation position, problems are not caused. 
[0014] A light flux from the first area and from the third area 
passes through the center of the sensor when the light flux 
returns to the photodetector in DVD recording/reproducing. At 
this time, the distance H from the center of the sensor when 
a light beam that has passed through a part farthest from the 
optical axis of the second area returns to the photodetector 
is : 

H (0.38) = 1-91 (\xm) | x tan{ sin"' ( 0 . 38 ) }x5. 95=222 (urn) 

The distance H from the center of the sensor when a light beam 

that has passed through a part nearest to the optical axis of 

the second area returns to the photodetector is: 

H (0.2) = 1-76 (^im) | xtan{ sin"' (0 . 2) }x 5. 95=92 (^im) 

Since H{0.38) is L/2 or more, the light is not made incident 

on the sensor, but, since H{0.2) is L/2 or less, the light is 
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made incident on the sensor. However, since raosL light of the 
second area passes outside the sensor, and since the quantity 
of light of the second area is smaller than that of the first 
area and than that of the third area, problems are not caused. 
Therefore, in both .DVDs and CDs, flare is small, and excellent 
recording/reproducing can be performed. 

[0015] (Example 2) In this example, the objective lens is 
divided into four areas in which a first area (NA 0 to 0.15) 
and a third area (NA 0.25 to 0.40) are areas where spherical 
aberration is corrected in consideration of the substrate 
thickness of the second optical information recording medium, 
and a second area (NA 0.15 to 0.25) and a fourth area (0.40 
to 0.60) are areas where spherical aberration is corrected in 
consideration of the substrate thickness of the first optical 
information recording medium. In a wavelength of 650 nm of the 
light source, the focal length of the first area is 3.36mm, 
and the following relationships are obtained: 
fbl=l. 604mm, fb2=l. 377mm 

An aberration diagram obtained when the first optical 
information recording medium is inserted is shown in Fig. 5(a), 
and an aberration diagram obtained when the second optical 
information recording medium is inserted is shown in Fig. 5 (b) . 
Reference positions (0 position of an abscissa axis) are set 
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apart by fbl + tl and by fb2-i-t2 from a tangent plane between a 
surface of the objective lens on the side of the optical 
information recording medium and the optical axis toward the 
optical information recording medium. Other parameters of the 
optical pickup optical system in this example are: 

First optical information recording medium (DVD) tl=0.6ram, 
nl=1.58 

Second optical information recording medium (CD) t2=1.2min, 
n2=1.58 

Focal length of collimator lens fc=20mm 

Magnification between recording surface and photodetector 
M=fc/f 0=20/3 . 36=5 . 95 

Length of sensor L=250|im 
Therefore, (fbl+tl/nl) - ( fb2+t2/n2 ) =-0 . 153mm 
[0016] A light flux from the second area passes through the 
center of the photodetector in CD recording/reproducing. At 
this time, the distance H from the center of the sensor when 
a light beam that has passed through a part farthest from the 
optical axis of the fourth area returns to the photodetector 
is : 

H(0.6) = |-91 (^im) I xtan{sin*MO. 6) } x5 . 95=406 (nm) 

The distance H from the. center of the sensor when a light beam 

that has passed through a part nearest from the optical axis 
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of the fourth area returns to the photodetector is: 

H (0.4) = 1-129 {[m) I xtan{sin"'(0.4) } x5. 95=335 (^im) 

Since both are L/2 or more, light of the fourth area is never 

made incident on the sensor. The distance H from the center 

of the sensor when a light beam that has passed through a part 

farthest from the optical axis of the second area returns to 

the photodetector is: 

H (0.25) = 1-14 4 (\xm) | x tan{ sin"' (0 . 25) }x 5. 95=221 {[xm) 

The distance H from the center of the sensor when a light beam 

that has passed through a part nearest to the optical axis of 

the second area returns to the photodetector is: 

H (0.15) = 1 -150 (|im) I X tan {sin"' (0.15) } x 5. 95=135 (^tm) 

Since both are L/2 or more, the light of the second area is 

never made incident on the sensor. 

[0017] A light flux from the second area and from the fourth 
area passes through the center of the sensor when the light 
flux returns to the photodetector in DVD recording/reproducing. 
At this time, the distance H from the center of the sensor when 
a light beam that has passed through a part farthest from the 
optical axis of the third area returns to the photodetector 
is : 

H (0.40) =129 (nm) xtan { sin'M 0 . 4 ) } x5 . 95=335 (^m) 

The distance H from the center of the sensor when a light beam 
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that has passed through a part nearesi: Lo the optical axis of 
the third area returns to the photodetector is: 
H (0.25) =144 {^lIn) x tan { sin'M 0 . 25 ) } x 5. 95=221 (^im) 
Since both are L/2 or more, the light is never made incident 
on the sensor. The distance H from the center of the sensor 
when a light beam that has passed through a part farthest from 
the optical axis of the first area returns to the photodetector 
is : 

H (0.15) =150 (^lm) X tan {sin"M 0.15) }x5. 95=135 (^im) 
Since H{0.15) is L/2 or more, the light is not made incident 
on the sensor, but, since H(0) is light existing on the optical 
axis, the light is made incident on the sensor, as a matter 
of course. However, since the quantity of light of the first 
area is smaller than that of the second area and than that of 
the fourth area, problems are not caused. Therefore, in both 
DVDs and CDs, flare is small, and excellent 
recording/reproducing can be performed. 

[0018] (Example 3) In this example, the objective lens is 
divided into four areas in which a first area (NA 0 to 0.297) 
is an area where spherical aberration is corrected in 
consideration of the substrate thickness of the first and 
second optical information recording mediums, a second area 
(NA 0.297 to 0.344) is an area where spherical aberration is 
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corrected in consideration of the substrate thickness of the 
second optical information recording mediiim, a third area (NA 
0.344 to 0.386) is an opaque part that is a feature of this 
example, and a fourth area (0.386 to 0.60) is an area where 
spherical aberration is corrected in consideration of the 
substrate thickness of the first optical information recording 
medium. The wavelength A of the light source is 635nm, and lens 
data is as follows. 

Surface Number r d d' n 

1 2.114 2.2 2.1991 1.5383 

2 -7.963 1.757 1.377 

3 00 0.6 1.2 1.58 

4 00 

Symbol ( ' ) given in the table denotes a case corresponding to 
CDR. d' denotes a distance on the optical axis between the third 
surface and an intersection point with the optical axis when 
the shape of the second annular band is extended to the optical 
axis in accordance with the aspherical shape formula. 
[0019] Aspherical surface data concerning each annular band 
is as follows. 
[Table 1] 

Aspherical surface data 

First First 0<H<1.00 (First area), l.SO^H (Fourth area) 

surface aspherical 
surface 
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K = -0.97700 

Ai = 0.63761x10-^ Pi = 3.0 

A2 = 0.36688x10"^ P2 = 4.0 

A3 = 0.83511x10"^ P3 = 5.0 

A4 = -0.37296x10"^ P4 = 6.0 

As = 0.46548x10"^ Pg = 8.0 

Ae = -0.43124x10"^ Pg = 10.0 



Second 1.00<H<1.159 (Second area) 

aspherical 

K = -0.11481x10 



surface 



Ai = 0.70764x10"^ Pi = 3.0 

A2 = -0.13388x10-^ P2 = 4.0 

A3 = 0.24084x10'^ P3 = 5.0 

A4 = -0.97636x10"^ P4 = 6.0 

A5 = 0.93136x10"^ P5 = 8.0 

Ae. = -0.68008x10"^ Pg = 10.0 

Second ^ = -0.24914x10^ 
surface 

Ai = 0.13775x10*^ Pj = 3.0 

A2 = -0.41269x10"^ P2 = 4.0 

A3 = 0.21236x10'^ P3 = 5.0 

A^ = -0.13895x10-' Pi = 6.0 

A5 = 0.16631x10'^ P5 = 8.0 

Ac = -0.12138x10'^ Pe = 10.0 

The aspherical surface is based on the following equation. 
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[Formula 1] 

X = , + SAjH^^ 

1 + Vl - (1 + K) (H / r)' 3 

where X is an axis in the optical-axis direction, H is an axis 
perpendicular to the optical axis, the direction in which light 
proceeds is positive, r is a paraxial curvature radius, k is 
a conical coefficient, Aj is an aspherical coefficient, and 
Pj is an exponent of the aspherical surface (where Pj>3) . 
[0020] Fig. 6(a) and Fig. 6(b) show spherical aberrations 
corresponding to the first optical information recording 
medium and the second optical information recording medium, 
respectively. The wavefront by the objective lens corrected 
in this way generates a difference in the optical path length 
because of the spherical aberration or because of the 
positional deviation of the refractive surface. Therefore, the 
light intensity of a spot is strongly affected by the phase 
deviation of a light flux of each annular band at a convergent 
point. Fig. 7 shows a wavefront aberration in the example shown 
in the aforementioned data, (a) of the figure corresponds to 
DVDs, and (b) of the figure corresponds to CDs. Fig. 8 shows 
the light intensity distribution of a convergent spot. The 
sidelobe is extremely small, and excellent spot shapes are 
shown . 
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[0021] 

[Effect of the Invention] By providing an objective lens itself 
with a flare cutting function by which a light flux that does 
not contribute to reproducing information is prevented from 
being incident on a photodetector, the optical piclcup device 
of the present invention achieves a noticeable effect by which 
the excellent recording/reproducing of a plurality of kinds 
of optical information recording mediums is accomplished in 
spite of the fact that the optical pickup device has a simple 
structure. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

[Fig. 1] Conceptual diagram showing a structure of the optical 
pickup device of the present invention. 

[Fig. 2] Plan view of the first example of the objective lens. 
[Fig. 3] Spherical aberration diagram of the first example of 
the objective lens. 

[Fig. 4] Plan view of the second example of the objective lens. 
[Fig. 5] Spherical aberration diagram of the second example 
of the objective lens. 

[Fig. 6] Spherical aberration diagram of the third example of 
the objective lens. 

[Fig. 7] Wavefront aberration diagram of the third example. 
[Fig. 8] Light intensity distribution diagram of a convergent 
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spot of the third example. 

[Fig. 9] Conceptual diagram showing a structure of one example 

of the optical pickup device that reproduces a plurality of 
kinds of optical information recording mediums by means of the 
same objective lens. 

[Fig. 10] Sectional view showing a conventional example of a 
lens that has annular band-shaped areas. 

[Fig. 11] Spherical aberration diagram of the objective lens 
of Fig. 10. 

[Description of Symbols] 
1/10 Optical pickup device 
2,11 Semiconductor laser 
3,30 Photodetector 

4 Hologram 

5 Holo-laser 

6,13 Collimator lens 

7.16 Objective lens 

8.17 Diaphragm 

9,22 Information recording surface 

12 Polarization beam splitter 

14 1/4X plate 

15 Two-dimensional actuator 
18 Cylindrical lens 
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21 Transparent substrate 



Figs. 3,- 5, 6, 11 
Spherical aberration (\m} 

Fig. 8(a) 

Spot diameter ( 1/e^) =0 . 85|im 
Sidelobe ratio=1.0% 
Quantity of def ocus=0 . Ijim 

Relative intensity 
Coordinate (|iin) 

Fig. 8(b) 

Spot diameter ( 1/e^) =1 . 43^im 
Sidelobe ratio=1.0% 
Quantity of defocus=4 . 5|jin 

Relative intensity 
Coordinate {|ain) 

Fig. 7(a) 

Wavefront aberration (A) 
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